AbsTrACT
Purpose As tuberculosis becomes less common in higher income countries, clinician familiarity with the disease is declining. Little is known about how chest radiograph interpretations affect tuberculosis care. We sought to determine how tuberculosis-related terminology in an initial chest radiograph reading impacted patient care. study design We examined a retrospective cohort of patients with pulmonary tuberculosis in North Carolina from 1 January 2011 to 31 December 2014. Tuberculosis-related terminology was categorised into four mutually exclusive categories. The primary outcomes of interest were the time from the chest radiograph to (1) obtaining the first sputum specimen for acid-fast smear and mycobacterial culture, and (2) initiation of antituberculous treatment. results Of 550 available chest radiograph reports, 175 (31.8%) contained the word 'tuberculosis', 30 (5.5%) contained the word 'mycobacteria' or 'granulomatous', 43 (7.8%) contained the word 'cavity', and 301 (54.7%) had none of the above terms mentioned. Patients with the word 'tuberculosis' in the radiology report had a significantly shorter time to collection of the initial sputum specimen for acid-fast smear and mycobacterial culture (median 2 days) and to the start of antituberculous treatment (median 4 days) than patients with none of the keywords. Use of the term 'cavity' in the report was associated with a shorter time to initiation of antituberculous treatment (median 4 days) than if none of the keywords were used. Conclusion Chest radiograph reports that contained keywords for pulmonary tuberculosis, such as 'tuberculosis' or 'cavity', were associated with less time to collection of sputum and antituberculous treatment.
InTroduCTIon
Chest radiograph is an important diagnostic tool in the evaluation of pulmonary tuberculosis. It has high sensitivity but limited specificity for detecting pulmonary tuberculosis, and is well suited for tuberculosis screening. Pulmonary tuberculosis can present with a spectrum of radiographic findings, from the classic presentation of upper lobe infiltrates or cavitary lesions to the more atypical hilar lymphadenopathy or pleural effusions in a patient with HIV. [1] [2] [3] [4] [5] Because of this range of findings, interobserver variability is high among even experienced radiologists and chest physicians. [6] [7] [8] [9] Regardless, an abnormal chest radiograph in the evaluation of pulmonary tuberculosis is an indication for full diagnostic evaluation and often empiric antituberculous treatment.
Little is known about how chest radiograph interpretations affect the clinical management of tuberculosis. The purpose of this study was to determine how tuberculosis-related terminology in an initial chest radiograph impacted time to obtaining sputum specimens for acid-fast smear and mycobacterial culture testing, and initiation of antituberculous treatment. We hypothesised that in our low-incidence setting, the use of tuberculosis-related terms in the radiology report would be associated with shorter time to obtain diagnostic studies for tuberculosis and to start antituberculous treatment.
MATerIAls And MeThods
We examined a retrospective cohort of patients with confirmed pulmonary tuberculosis in North Carolina who were reported to the North Carolina Tuberculosis Control Program from 1 January 2011 to 31 December 2014. Clinical and demographic data, including the date of the initial chest radiograph, were extracted from the North Carolina Electronic Disease Surveillance System. One of the North Carolina tuberculosis nurse consultants (MGA, ERF, JL or EZ) then reviewed the radiology report associated with this initial chest radiograph and extracted the type of facility (categorised as either a hospital, health department or other outpatient facility; other outpatient facility could include a clinic), the name of the radiologist who read the film and tuberculosis-related terminology used in the report. Tuberculosis-related terminology was categorised into four mutually exclusive categories: 1. The word 'tuberculosis' was used in the radiology report in an affirmative manner (eg, 'Suggestive of tuberculosis', 'Suspicious for tuberculosis', 'Tuberculosis should be considered'). 2. The word 'tuberculosis' was not used in the radiology report, but either of the words 'mycobacteria' or 'granulomatous' was used in an affirmative manner. 3. The word 'tuberculosis', 'mycobacteria' or 'granulomatous' was not used in the radiology report, but the word 'cavity' or a variant (eg, 'cavitary', 'cavitation') was used in an affirmative manner. 4. None of the above terms was used in the radiology report. The primary outcomes of interest were the time (measured in days) from the chest radiograph to (1) obtaining the first sputum specimen for acid-fast smear and mycobacterial culture, and (2) initiation original article of antituberculous treatment. The secondary outcome was the association between the type of facility at which the chest radiograph was obtained and the category of tuberculosis-associated terminology used to describe the report. Statistical analysis was performed using R V.3.3.1 (R Core Team, Vienna, Austria, 2016). The χ 2 test was used to assess the associations between categorical variables, and the Wilcoxon rank-sum test was used to assess the associations between categorical variables and continuous variables. Adjustment of p values for multiple comparisons was not performed.
resulTs
From 1 January 2011 to 31 December 2014, 866 confirmed tuberculosis cases were reported in North Carolina. Of these 866, 682 (78.8%) had pulmonary disease, with or without extrapulmonary involvement. Of the 682 patients with pulmonary disease, 550 (80.6%) had chest radiographs performed prior to initiation of antituberculous treatment and with available radiology reports in the local health department medical records. The demographic and clinical characteristics of these patients are summarised in table 1. Patients with tuberculosis tended to be male (64.9%) and of non-white race; slightly over half (52.5%) had at least one positive acid-fast smear of sputum, and only 4% were coinfected with HIV. Patients resided in 74 different counties within North Carolina, although close to half (257, 46.7%) resided in one of six counties that had over 20 cases each during the study period. Initial chest radiographs were most commonly obtained in a hospital setting (378, 68.7%), followed by outpatient clinics (126, 22.9%), health departments (44, 8.0%) and unknown sites (2, 0.4%). Chest radiographs were interpreted by 428 radiologists; 75 radiologists read two or more films of patients with tuberculosis and only 17 read three or more films of patients with tuberculosis during the study period.
Of the 550 films, 175 (31.8%) had the word 'tuberculosis' in the radiology report. Of the remainder, 30 (5.5%) had either of the words 'mycobacteria' or 'granulomatous' in the report, 43 (7.8%) reports included none of those words but had the word 'cavity' mentioned in the report, and 301 (54.7%) had none of the above terms mentioned (data for one report were missing). In some cases in which none of the above terms were mentioned, the report would likely have led an informed clinician to believe that tuberculosis was a likely diagnosis, while in others the report was so vague and non-specific that it likely would not have helped a clinician to diagnose tuberculosis. Some examples of radiology reports in which none of the above terms were mentioned are provided in table 2. The terminology used in the radiology report was associated with the probability that sputum would be acid-fast smear-positive; 61.1% of patients with the word 'tuberculosis' in the report had a positive smear, 40.0% of patients with 'mycobacteria' or 'granulomatous' had a positive smear, 74.4% of patients with 'cavity' had a positive smear, and 45.8% of patients with none of the terms used in the report had a positive smear (p value for overall comparison among groups <0.001). Patients whose chest radiographs were performed in the hospital were less likely to have the word 'tuberculosis' in the report (28.3%) than patients whose radiographs were performed in the health department (39.5%) or outpatient (40.5%) settings (p=0.02 for comparison among the three settings). Patients with the word 'tuberculosis' in the radiology report had a significantly shorter time to collection of the initial sputum specimen for acidfast smear and mycobacterial culture (median 2 days) and to the start of antituberculous treatment (median 4 days) than patients with none of the words 'tuberculosis', 'mycobacteria', 'granulomatous' or 'cavity' in the report (tables 3 and 4). The use of the term 'cavity' in the report was associated with a shorter time to initiation of antituberculous treatment (median 4 days) than if none of the above terms were used.
dIsCussIon
This study suggests that the use of tuberculosis-specific terms in chest radiograph reports was associated with more rapid diagnosis and treatment of patients with culture-confirmed pulmonary tuberculosis. A patient whose chest radiograph report contained the word 'tuberculosis' had a shorter time to collection of sputum, and a patient whose chest radiograph report contained the word 'tuberculosis' or 'cavity' had a shorter time to the start of antituberculous treatment. Patients who did not have 'tuberculosis', 'mycobacteria', 'granulomatous' or 'cavity' in the chest radiograph report had a delay in antituberculous treatment, which was, on average, three times that of patients with 'tuberculosis' or 'cavity' in the report. Additionally, patients with tuberculosis whose chest radiograph report contained the word 'mycobacteria' or 'granulomatous' did not have a significant difference in time to collection of sputum or the start of antituberculous treatment as compared with patients who did not have these words in the chest radiograph report. These findings demonstrate the importance of using precise language and mentioning important diagnoses in radiology reports. We suspect that in many cases the diagnosis of tuberculosis was initially raised by the radiologist, resulting in more rapid action to evaluate and treat that diagnosis by the treating team. Many of the radiograph reports represent a missed opportunity for diagnosing pulmonary tuberculosis. Most of the radiographs of patients with tuberculosis did not mention tuberculosis in the report. In fact, half of the radiograph reports did not contain any of the key tuberculosis terms. Some of these reports described findings typical of tuberculosis but did not mention any of the keywords, while others were completely non-specific and unhelpful in diagnosis (table 2) . The failure to mention key tuberculosis-related terms in radiology reports likely represents both diagnostic and communication failure on the part of radiologists. Patients whose radiographic report mentioned 'tuberculosis' or 'cavity' were more likely to have a positive sputum acid-fast smear, but not all smear-positive patients had one of these terms included in the report. As a group, patients with smear-positive pulmonary tuberculosis with typical radiographic features are more likely to transmit tuberculosis, and constitute the greatest health risk. 10 Failing to diagnose these patients has huge implications for both the individual and the community.
Both lack of experience and ineffective communication can decrease the diagnostic utility of chest radiographs for pulmonary tuberculosis. [6] [7] [8] [9] The USA is a low-prevalence area for tuberculosis, 11 which means clinicians and radiologists have decreasing experience with tuberculosis. 12 There is a need for improved and ongoing tuberculosis education for radiologists to avoid missing cases of tuberculosis. This is especially important for radiologists who serve immunosuppressed populations in whom tuberculosis is more likely to present with atypical findings. [1] [2] [3] [4] [5] Additionally, standardising radiographic interpretations for patients undergoing screening for pulmonary tuberculosis could lead to clearer communication and fewer missed cases. [13] [14] [15] [16] [17] This study has limitations. The retrospective study was limited to what was available in the surveillance database, which was not designed to capture clinical events. Some radiographs were not available for review. It is possible that patients with more severe disease would be started on treatment sooner irrespective of keywords in the radiograph report. There was a low prevalence of HIV in the study cohort; thus, these findings cannot be directly applied to persons with HIV and tuberculosis. However, given that tuberculosis in persons with HIV tends to present in an atypical manner, it is expected that diagnostic and treatment delays would be similar or worse. Further study on the implications of radiograph report keywords for atypical presentations of tuberculosis in immunosuppressed populations is warranted.
In conclusion, chest radiograph reports that contained keywords for pulmonary tuberculosis, such as 'tuberculosis' or 'cavity', were associated with less time to collection of sputum and antituberculous treatment. Further education about tuberculosis and efforts to standardise radiographic interpretations could increase the diagnostic accuracy of radiographs and improve clinical care of patients with pulmonary tuberculosis.
Main messages
► Most patients with culture-confirmed pulmonary tuberculosis did not have any words suggesting the diagnosis in the initial radiology report. ► Lack of tuberculosis-specific terminology in the initial radiology report was associated with delayed diagnosis and treatment.
Current research questions
► Tuberculosis case rates and clinician experience are declining in much of the developed world. ► Delayed tuberculosis diagnosis and treatment are common.
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